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Abstract 
In order to improve the mold filling in molding of aluminum foams, a molding process by using a rotating mold is proposed. 
Aluminum powder mixed with a foaming agent is formed to a precursor by hot powder extrusion and extruded into the mold 
through the die heated to a temperature higher than the melting point, and then the mold is filled with the aluminum foam. 
When the diameter of a cylindrical mold is large, the influence of gravity is significant and the mold is not filled successfully. 
In the proposed process, the aluminum foam is extruded into the rotating mold of large diameter and the shape of foam is 
improved. However, the effect of the mold rotation on the mold filling is limited. 
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1. Introduction 
Metal foams are promising materials in the transport industry (Ashby et al., 2000). Their unique features caused 
by cellular structure are low density, high energy dissipation, heat and sound insulation. The light-weight structure 
and the ability to absorb impact energy, in particular, are attractive so as to reduce fuel consumption and keep 
passengers safe. To meet extensive interests in wide-range engineering applications, flexible manufacturing 
processes of metal foams are necessary. 
Many manufacturing processes of metal foams have been developed since Sosnick (1948) patented a making 
process of aluminum foams as light-weight materials. The melt route and the powder metallurgy route are practical 
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processes for manufacturing of aluminum foams. The melt route, in which molten aluminum expands by using a 
foaming agent or injected bubbles of gas, is suitable for mass production of aluminum foams with simple shape 
like blocks and sheets (Miyoshi et al., 2000; Jin et al., 1990). The powder metallurgy route is possible to make 
parts with complicated shape by using mold (Baumgartner et al., 2000). Metallic powder mixed with a foaming 
agent is compacted to form a foamable precursor. The precursor is heated and turned into foams in a heated mold. 
Molding processes are suitable for manufacturing of light-weight parts with aluminum foams. 
In this paper, a molding process of aluminum foams by using a rotating mold is proposed in order to improve 
mold filling of aluminum foams. The cylindrical molds with different dimensions are used for the experiment and 
the influence of gravity on molding of aluminum foams is found. To fill the mold with aluminum foams, the mold 
is rotated. The proposed molding process of aluminum foams is examined and appropriate conditions for molding 
by using the rotating mold are shown. 
2. Experiments 
Fig. 1 shows the illustration of the experimental equipment for molding of aluminum foams (Shiomi et al., 
2010). The molding process of aluminum foams consists of two sections: hot powder extrusion and molding. 
Aluminum alloy powder mixed with TiH2 powder as a foaming agent is poured into the container of the hot 
powder extruder and it is compacted in a room temperature at a pressure of 100 MPa. The container is heated to 
420 °C for hot extrusion of aluminum, and then the aluminum powder with TiH2 powder is extruded into the 
heated die for foaming the aluminum compact. In the molding section, the die for foaming of the compact is heated 
to a temperature higher than the liquidus point of the aluminum alloy. The extruded aluminum compact goes into 
the heated die and starts foaming in the vicinity of the die exit. Then, the mold is filled with the aluminum foam. 
 
 
Fig. 1. Experimental equipment for molding of aluminum foams. 
Aluminum alloy powder used in the experiment was A6061 in JIS. The chemical composition of the alloy is 
shown in Table 1. TiH2 powder of 1 mass% was used as a foaming agent and the powder mixture was formed to a 
precursor by hot powder extrusion. The relative density of precursor was more than 0.98. 
 
Table 1. Chemical composition of aluminum powder (A6061) (max, mass%) 
Mg Si Cu Fe Cr Al 
1.04 0.61 0.28 0.23 0.21 Bal. 
 
The die for foaming of aluminum and the mold are shown in Fig. 2. The aluminum precursor was heated in the 
die and extruded into the rotating mold when the precursor started expanding. After the foam was extruded, 
heating was stopped, and the mold and the die were cooled down. Then, the rotation of mold was stopped when the 
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mold temperature was less than 400 °C. The temperature of the mold was measured by an infrared thermometer 
and controlled to be constant at 750 °C by an induction heater. The outlet diameter of the die, Dout, was 9 mm, and 
the inlet diameter was 11 mm. 
 
 
Fig. 2. Die for foaming of aluminum precursor. 
Fig. 3 shows the details of the molds. The upper side in the figure was connected with the die for foaming of 
aluminum and the lower side was covered with a lid. The mold cavity was a cylindrical shape. The volumes of 
mold cavity were almost the same, and the ratio of height to diameter, H/D, varied from 0.26 to 1.25 in the 
experiments, because molding of aluminum foams into the cavity of large diameter and small height was 
significantly affected by gravity (Shiomi and Tanino, 2012). 
 
 
Fig. 3. Dimensions of molds. 
3. Results and discussions 
3.1. Influence of gravity 
Fig. 4 shows the shapes of the aluminum foams in molding by using stationary molds. When the aspect ratio of 
the mold is small: H/D=0.45, the aluminum foams flows on the bottom of the mold and does not expand enough in 
the mold due to gravity and leakage. The difference of diameters between the mold inlet and the die outlet makes a 
large step and the influence of gravity becomes significant. When the aspect ratio of the mold becomes large, the 
diameter of the mold inlet is close to that of the die outlet and the step at the mold inlet becomes small. The 
aluminum foam can expand enough to fill the mold. The porosity of the foam in the case of H/D=1.25 is 0.74. 
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Fig. 4. Shape of aluminum foam in molding by stationary mold for different aspect ratios: (a) H/D = 0.45; (b) H/D = 1.25. 
3.2. Effect of mold rotation 
In order to improve the mold filling, the mold is rotated and filled with the foams. Fig. 5 shows the effect of 
mold rotation on molding of aluminum foam. The diameter of the mold is 22 mm and the ratio of height to 
diameter of the mold cavity, H/D, is 045. When aluminum foam is extruded into the stationary mold of large 
diameter, there is a large space between the foam and the top side of the mold. The aluminum foam cannot expand 
enough due to gravity. On the other hand, the space on the top is narrow and the shape of the foam is round when 
the foam is extruded into the mold rotating at a speed of 5 rpm. The porosity of the foam made by the rotating 
mold is 0.74, while that of the foam by the stationary mold is 0.71. The shapes of the foams are different although 
the porosities are almost the same. The average diameter of the foam made by the rotating mold is 19.8 mm and 
the area ratio of cross-sections of foam to mold is 81%. The mold filling of the aluminum foam is improved by the 
mold rotation. 
 
 
Fig. 5. Shape of aluminum foam filled in rotating and stationary mold (H/D=0.45): (a) rotating (5 rpm); (b) stationary. 
Fig. 6 shows the influence of rotating speed on the porosity of foam. The porosity of foam slightly increases as 
the rotating speed increases until a speed of 15 rpm. The porosity is large, which means the volume of the foam is 
large and the filling ratio of foam to mold cavity is high. When the mold rotating speed is more than 20 rpm, the 
porosity becomes small and the filling ratio of foam to mold cavity deteriorates. It could be considered that the 
foam tumbles within the mold cavity in the case of high speed rotation of mold and shrinks due to gas leakage 
during cooling. 
The relationship between the aspect ratio of mold cavity, H/D, and the porosity of the foam made by the rotating 
mold is shown in Fig. 7. The rotating speed of mold is 5 rpm. When the cases of H/D are 0.26, 0.45 and 1.25, the 
porosities of foam are 0.71, 0.74 and 0.66, respectively. In the case of H/D=1.25, the porosity of foam made by the 
stationary mold was 0.74. The effect of mold rotation on molding of aluminum foam is considered to be limited in 
the mold shape. 
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Fig. 6. Relationship between porosity of foam and mold rotating speed (H/D=0.45). 
 
Fig. 7. Relationship between porosity of foam made by rotating mold and aspect ratio of mold cavity (rotating speed = 5 rpm). 
4. Relationship between mold and die shapes  
When the aspect ratio of mold cavity, H/D, is small, the ratio of the inlet diameter of the mold, D, to the outlet 
diameter of the die, Dout, becomes large in Fig. 3. There is a large step at the connection between the mold inlet 
and the die outlet, so that the influence of gravity becomes significant in mold filling. An appropriate relation of 
mold and die shapes may be considered for a successful process. The relationship between the porosity of foam 
and the diameter ratio of the mold inlet and die outlet, D/Dout, is shown in Fig. 8. When D/Dout is larger than 2.5, 
the molding of aluminum foam into a stationary mold is not successful because the foam does not expand enough 
within the mold cavity due to gravity. In cases of mold rotation, on the other hand, the foam expands and fills the 
mold cavity even at D/Dout=3. Although foams cannot expand enough in a stationary mold due to gravity in case 
when there is a large step at the mold inlet, the mold cavity is filled with the foam by rotation of the mold. In the 
case of D/Dout = 1.8, however, the foam fills the stationary mold, while the foam shrinks by the rotation of mold 
and the porosity of foam decreases. It could be considered that friction between the foam and the mold induces gas 
leaks on the surface by the mold rotation. When D/Dout is close to 1, the inlet diameter of the mold becomes 
similar size to the outlet diameter of the die. Friction becomes dominant and the rotation of mold is not effective in 
molding. 
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Fig. 8. Relationship between porosity of foam and diameter ratio of mold inlet and die outlet. 
5. Conclusions 
In order to improve the molding process of aluminum foams, a molding process by using a rotating mold is 
proposed. In case when the inlet diameter of the mold is large, the influence of gravity on molding is significant, 
and the top space of the mold cavity is not filled with foam. When the mold is rotated and the foam is extruded into 
the rotating mold, the foam fills the mold cavity all round. However, the effect of the mold rotation is limited in the 
diameter ratio of the mold inlet and the die outlet. 
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